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Levels of Arousal in Positive Moods: Effects on Motor Performance 
Abstract 
Background: The use of simple preparatory methods, such as listening to relaxing music, may decrease 
negative emotions and enhance performance. The purpose of this research was to explore whether 
certain types of music, as a preparatory task, could enhance motor performance. 
Method: Fifty-six participants were randomly assigned to a condition before completing a pre and 
postdexterity test using the Purdue Pegboard Test (PPT). Performance was assessed with the PPT and 
arousal of mood was assessed with the Affect Grid. During the postdexterity test, the participants heard 
no music or specific music based on their condition. The experimental conditions included listening to an 
up-tempo Mozart sonata to elicit a high arousal, positive valence mood, or a down-tempo version of the 
same sonata to achieve a low arousal, positive valence mood. 
Results: ANOVAs showed a significant increase between pre and posttests over time in participant 
arousal and performance. In addition, there was a significant interaction term between performance and 
gender, where women improved significantly more than men. 
Conclusion: The results suggest that the up-tempo and down-tempo Mozart sonatas do not play a 
significant role in motor performance, yet gender significantly affects performance, regardless of the type 
of music. 
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 Occupational therapists frequently use preparatory tasks to help clients reach goals and achieve 
success in returning to their activities of daily living (ADLs).  According to the American Occupational 
Therapy Association Practice Framework: Domain and Process (2014), preparatory methods are 
techniques used by occupational therapists, with no active participation by the clients, to help their 
clients achieve success in returning to their ADLs (American Occupational Therapy Association 
[AOTA], 2014).  The use of simple preparatory methods, such as listening to relaxing music, may 
increase emotional wellness and resilience in the face of stressors as well as decrease negative emotions 
and enhance performance.  However, there is a gap in occupational therapy practice research that 
distinguishes whether inducing a positive mood with a calm arousal level as a preparatory task can 
enhance fine motor performance. 
Moods are emotional states that some theorists argue vary along two dimensions: valence and 
arousal (Posner, Russell, & Peterson, 2005).  Positive moods are categorized as those emotions that 
invoke a person to feel pleasure.  Negative moods cause people to feel sad, scared, mad, and generally 
bad.  Arousal, however, is akin to intensity (how exciting or calming), whereas valence is the extent to 
which an emotion is either positive or negative.  Studies by Russell, Weiss, and Mendelsohn (1989) and 
Gomez, Zimmerman, Schar, and Danuser (2009) indicate that arousal and valence are inseparable, yet 
not identical.  The intensity of an emotion is not completely related to how positive or negative the 
emotion is.  Therefore, different combinations of valence and arousal make up different emotions 
(Russell, Weiss, & Mendelsohn, 1989). 
There are many conflicting theories on emotion, arousal, and performance (Gonzalez, Smith, 
Stockwell, & Horton, 2003; Gould & Udry, 1994; Kavanagh & Hausfeld, 1986; Neiss, 1988; Posner et 
al., 2005; Thompson, Schellenberg, & Husain, 2001).  One of the most popular is the Yerkes-Dodson 
Law.  The Yerkes-Dodson Law states a possible connection between arousal and performance, where 
there is an ideal arousal level for optimal performance.  A meta-analysis completed by Nehlig (2010) 
studied the use of caffeine as a predictor of learning.  Caffeine in low doses had positive effects on 
learning and memory, while caffeine in high doses had the opposite effect.  Moderate amounts of 
caffeine were found to increase alertness and attention and to have a positive effect on mood (Nehlig, 
2010).  In addition, Kavanagh and Hausfeld (1986) suggest that mood has an effect on motor 
performance and that arousal likely led to an attentional focusing on the experimental task (Kavanagh & 
Hausfeld, 1986).  There are countless studies examining factors that could influence mood and the 
different effects of mood on memory, cognition, and learning (Gonzalez et al., 2003; Gould & Udry, 
1994; Kavanagh & Hausfeld, 1986; Neiss, 1988, 1990; Posner et al., 2005; Stillman et al., 2009; 
Thompson et al., 2001).  For example, Van Dijk, Voerman, and Hermens (2006) found that increased 
levels of negative stress and energy, in contrast to positive stress, result in a lack of concentration. 
When looking at clinical implications for occupational therapy, both fine and gross motor skill 
acquisitions play a large role in a client’s ability to perform daily tasks independently.  Many researchers 
and therapists have demonstrated that music can enhance learning, memory, mental performance, and 
physical performance (Abrams et al., 2013; Hedge, 2014; Husain, Thompson, & Schellenberg, 2002; 
Särkämö & Soto, 2012; Särkämö et al., 2008).  In addition, studies directly examined the benefits of 
music on specific treatments or diagnoses.  For example, music and mood were found to have general 
effects on brain plasticity after a stroke (Särkämö et al., 2008).  Past studies also have shown that clients 
benefit from music in sensorimotor treatment, where neurologic music therapy has shown to be a 
beneficial treatment for improving motor function in stroke, cerebral palsy, and Parkinson’s disease 
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 clients.  Finally, traumatic brain injury patients have shown improved function in the presence of music 
(Hedge, 2014).  Therefore, the vast amount of research available is compelling evidence that music 
should be further explored for use in occupational therapy treatments. 
  When reviewing past research, it becomes clear that positive moods are more beneficial to 
learning and performance than negative moods (Kavanagh & Hausfeld, 1986).  In addition, the evidence 
shows that to be at peak physical and mental performance, a client needs to be in a positive mood; enjoy 
what he or she is doing; and be in a normal, low to moderate state of arousal (Flavell & Ross, 1981; 
Nehlig, 2010).  For these reasons, music is an appropriate medium to induce mood and a potential way 
to maintain the effect of arousal throughout treatment.  Therefore, the purpose of this study was to 
investigate whether inducing specific arousal levels would impact motor performance.  We hypothesized 
that participants who were in the higher arousal condition would not perform as well as participants in 
the control or low arousal group.  In addition, we hypothesized that participants who were in the low 
arousal group would have the best performance, with the control condition falling somewhere in 
between the other conditions’ performances.  Listening to the up-tempo, major key Mozart sonata will 
put participants in a mood with high arousal and positive valence.  Participants who listen to the same 
sonata that is played down-tempo and in a major key will experience a mood with low arousal and 
positive valence.  Those who are in the control group, with no music, will have no change in mood.   
Method 
Design  
 We used a randomized control trial to conduct a pre and postassessment of mood and dexterity.  
The study consisted of two experimental conditions, high and low arousal, and one control condition 
(see Figure 1).  The three conditions were as follows: (a) Condition 1 participants listened to the up-
tempo Mozart sonata while completing the Purdue Pegboard Test (PPT), (b) Condition 2 participants 
listened to the down-tempo Mozart sonata while completing the PPT, (c) and Condition 3 participants 
did not hear any music playing as they completed the PPT. 
 
 
Figure 1.  Flowchart depiction of the research design.  
 
Participants 
 The Indiana State University Institutional Review Board approved this study.  The participants 
were between the ages of 18 and 68 years and had never performed the PPT.  The participants were 
comprised of Indiana State University students and staff members from the community who were 
reached through flyers.  The inclusion criteria required that participants be 18 years of age or older and 
members of the Terre Haute and Indiana State University communities.  Participants were excluded if 
they had visual, auditory, tactile, or sensory deficits; long fingernails; fracture in the upper extremity; a 
musculoskeletal disorder; or had frequent experience performing the PPT.  
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 Demographic information.  The study participants completed a standard intake information 
form.  Demographic data collected at the completion of all four PPT trials included age, gender, 
ethnicity, occupation, educational level, primary language, recent surgery or serious illness, and a list of 
current medications that might affect their performance in this study.  The form also included questions 
inquiring if the participant felt he or she was accomplished in music (playing instruments or singing) or 
if he or she had ever performed the PPT.  Finally, the participants were asked if the music for Conditions 
1 and 2 had affected their performance, and if so, whether it affected their performance positively or 
negatively.  
Mood.  We used the Affect Grid (Russell et al., 1989) to assess valence and arousal of 
mood.  The Affect Grid is a 1-item scale developed by Russell et al. (1989) that has been used to study 
arousal and spatial ability by Husain, Thompson, and Schellenberg (2002).  This assessment is 
composed of a 9 x 9 grid with arousal along the y-axis and valence along the x-axis.  Previous research 
has concluded that this scale has the three most important aspects of measurement: convergent validity, 
reliability, and discriminant validity (Russell et al., 1989).  Since moods can change or dissipate quickly, 
it is important to measure them as quickly and as simply as possible.  This is a quality lacking in studies 
of mood that use scales with many items.  In addition, many other scales do not capture the dimensions 
of mood evaluated in this study, which assesses mood induced by musical pieces. 
Motor performance.  The PPT was used to assess fine motor performance, although the 
Lafayette Instrument Company and research conducted by Strauss, Sherman, and Spreen (2006) indicate 
that the PPT requires a level of attention and cognitive speed not required by other dexterity tests 
(Buddenberg & Davis, 2000; Gonzalez, Rowson, & Yoxall, 2017; Lindstrom-Hazel & VanderVlies 
Veenstra, 2015).  The PPT is a standardized test with specific administrative directions and guidelines to 
provide strong evidence for reliability and interrater reliability (Lafayette Instrument Company, 2002).  
The results of Lindstrom-Hazel and VanderVlies Veenstra’s 2015 study found the intraclass correlation 
(ICC) for interrater reliability as above .99 for certain subtests in the PPT.  Research conducted by 
Yancosek and Howell (2009) found the PPT to have both high reliability and validity in healthy 
populations, with higher reliability obtained after three trials had been administered, compared to 
administering the PPT only once.  This research is among many other results indicating that the PPT is a 
valid tool for testing manual dexterity and fine motor skills (Amirjani, Ashworth, Olson, Morhart, & 
Chan, 2011; Buddenberg & Davis, 2000; Causby, Reed, McDonnell, & Hillier, 2014; Mathiowetz, 
Rogers, Dowe-Keval, Donahoe, & Rennells, 1986; Yancosek & Howell, 2009). 
Procedures  
The study was conducted in a university laboratory.  Each participant signed the informed 
consent before random assignment to one of the three conditions based on the Research Randomizer 
website (Urbaniak & Plous, 1997).   
The participants were told that the study was about focus and learning new motor skills.  After 
completing the Affect Grid for the first time, the participants were shown the PPT and instructed on how 
to proceed with the test based on the instrument’s standardized script.  All of the participants completed 
the first two trials of the PPT predexterity test with no music.  After the first two trials, it was explained 
to those in the experimental conditions that music would be played to drown out any distractions in the 
lab.  Then, the designated Mozart sonata was played while completing the PPT according to each 
participant’s condition (Condition 1: up-tempo Mozart sonata, Condition 2: down-tempo Mozart 
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 sonata).  After completing all four trials of the PPT, the participants completed the Affect Grid for the 
second time, as well as a demographic questionnaire (see Table 1).  
 
Table 1  
Participant Demographic by Condition 
Demographic Information 
 Condition 1 
(n=18) 
Condition 2 
(n=19) 
Condition 3 
(n=19) 
Total 
(n=56) 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Age Range (years) 18-58 19-61 22-66 18-66 
Mean Age (years) 37.22 (14.42) 33.16 (14.84) 33.47 (14.70) 34.62 (14.51) 
Gender     
Male 6 5 9 20 
Female 12 14 10 36 
 
Data Analyses 
Data analysis was conducted using SPSS version 23.0 at alpha level of 0.05.  Descriptive 
statistics (mean, standard deviation) were calculated for all variables.  The distribution of variables were 
tested by visual examination and with the Kolmogorov-Smirnov test before use in analysis.  One-way 
ANOVAs were used to compare the three conditions’ initial Affect Grid and average of the first two 
PPT trials to confirm no significant differences between groups at baseline. 
For analysis purposes, measurements from trials one and two were averaged into one score, and 
measurements from trials three and four were averaged into a different score. Repeated measure 
ANOVAs was used to examine the main effect of time (pre and posttests for arousal) and the main effect 
of groups.  The interaction terms among time and groups were then analyzed. 
Results 
This study included 56 participants.  The study consisted of 19 participants in both the control 
condition and the low arousal condition and 18 participants in the high arousal condition.  No subjects 
withdrew or withheld their data from the study.  Descriptive statistics for the demographics are 
summarized in Table 1.   
One-way ANOVAs were used to assess group randomization results.  There was no significant 
difference between groups at the premood stage [F(2,55) = 0.29; p = 0.747] or predexterity stage 
[F(2,55) = 0.951; p = 0.39] .  
Repeated measures ANOVA were used to determine differences in performance between the 
groups.  The analysis showed that, overall, there was a significant increase between pre and posttest in 
participant arousal [F(1,53) = 9.639; p = 0.003] and performance [F(1,52) = 93.064; p = 0.000] (see 
Figure 2).  However, the interaction term between performance and music was not significant [F(1,52) = 
1.507; p = 0.231)], nor was the interaction term between mood and music [F(1,53) = 1.663; p = 0.199].  
To explore the potential effect of gender on performance we included gender as a covariate.  The 
analysis showed that gender played a significant role in performance among all of the groups [F (1,51) = 
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 9.54; p = .003], where women improved significantly more than men (women’s mean = 14.221, SD = 
0.328; men’s mean = 13.250, SD = 0.433) (see Figure 3).  
 
 
 
Figure 2. Results of Purdue Pegboard Test trials.  The pre and postcondition means of Condition 1, 
Condition 2, and Condition 3 performance.  
 
 
Figure 3. Number of pegs for all conditions by gender.  The pre and postcondition means of male versus 
female performance.  
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 Discussion 
This study explored whether certain types of music (up-tempo Mozart sonata, down-tempo 
Mozart sonata, and no music), as a preparatory task, could affect motor performance.  The present study 
implies that up-tempo and down-tempo Mozart sonata as some specific types of music do not play a 
significant role in motor performance, as an enhancer or distraction. Performance increased between the 
first two trials but the second two trials did not differ significantly across conditions.   The performance 
levels based on mood condition did not compare to the findings of similar research.  For example, 
Husain et al. (2002) found a difference in performance between mood conditions.  The discrepancy may 
have arisen due to the type of performance examined.  For example, previous studies using this type of 
mood induction have been successful in finding differences in cognitive performance; however, this 
study focused only on physical performance. 
 Despite using the same music used in Ilie and Thompson’s (2011) research, the mood induction 
was not successful in the present study.  For example, in this study, the arousal levels of those in the 
high arousal group had an increase in arousal from pretest to posttest; however, the other two conditions 
had an increase in arousal as well, contrasting our main hypothesis.  One explanation could be the self-
driven pressure to increase performance at each trial, which increases the level of arousal across all 
conditions.  These results could also be explained by many environmental conditions that play a role in 
and contribute to the learning process.  For example, some of the commonly known factors that play into 
mood include levels of stress and energy, type of mood, presence of depression, and degree of alertness 
(Msetfi, Wade, & Murphy, 2013; Nehlig, 2010; Robinson & Rollings, 2011; Van Dijk Voerman, & 
Hermens, 2006).  Our study did not account for level of stress, which could have been an important 
confounding factor.  A study by Van Dijk et al. (2006) focused on the effects of stress and energy levels 
on learning to use muscle relaxation techniques during performances of gross motor tasks.  The subjects 
were instructed to perform a specific gross motor task, which was monitored with the use of Surface 
Electromyographic (sEMG) Detection.  The authors concluded that increased levels of negative stress 
and energy result in a lack of concentration and increased muscle tension (Van Dijk et al., 2006).  
Clients in occupational therapy are often in a stressful and upsetting situation, and it is difficult to 
replicate this reality in an experimental laboratory.  
Robinson and Rollings (2011) conducted a study looking at mood and learning in which mood 
induction occurred to produce either a high stress/arousal (SA) mood or a neutral (N) mood.  The 
subjects’ moods were induced by watching either a horror film clip to induce the SA mood or a steam 
train documentary to induce the N mood.  After performing the learning and retrieval portion of the 
experiment, the researchers found that the subjects who were in the high SA group did not perform as 
well as those who were in the N mood group.  It was concluded that mood does affect both the 
recognition and retrieval of information (Robinson & Rollings, 2011).  This is specifically important to 
understand our results because certain types of music could be a source of stress to some individuals or 
produce a relaxing environment for others.  This is in line with previous literature where the researchers 
took measurements of the participants’ valence and arousal after listening to certain recordings of the 
sonata.  In addition, mood did affect spatial ability.  The best performance, highest mean scores on a 
paper-folding-and-cutting activity was seen from the up-tempo, major key condition while the worst was 
seen from the down-tempo, minor key condition (Husain et al., 2002).  The participants who heard 
music inducing a positive, aroused mood performed the best.  This suggests that if the correct music was 
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 played throughout a laboratory task, certain positive moods, both arousal and valence, could be 
sustained.   
 In addition, to understand our results, we need to consider that it is currently unclear whether 
dissociations between valence and arousal exist and could influence performance.  For example, music 
that is not arousing but has positive valence could influence performance differently than low arousal 
and negative valence.  This disassociation also affects memory, where stimuli that produce negative 
valence are better remembered than neutral stimuli (Kensinger & Corkin, 2004).  The arousal of an 
emotion does not appear to last as long as the valence.  Gomez et al. (2009) conducted a study that 
induced one of four different moods and measured the participants’ arousal as well as the valence of 
their mood.   The researchers found that the valences of emotion were persistent throughout the task but 
arousal was not.  Arousal faded away before the task was completed (Gomez, Zimmerman, Schar, & 
Danuser, 2009).  This raises the question of whether there is a point to investigating arousal’s relation to 
anything.  Although arousal can fade away quickly when the stimulus is removed, in the real world a 
stimulus is not necessarily gone once it is physically no longer with us.  For example, it is very common 
to continue to think about an exciting or stressful event after it has passed.  If we focus on the event, 
then it continues to affect us.  The researchers concluded that valence lasts longer than arousal, at least 
in a laboratory setting (Gomez et al., 2009).  This does not mean that the arousal component of a mood 
induction cannot last long enough to sustain a certain mood while conducting an experiment.   
 The present study found that on average women performed better than men.  Women also 
increased their dexterity performance significantly more than men from pre to posttest regardless of the 
type of music.  These differences are consistent with data from other studies regarding fine motor 
coordination.  Women outperformed men on fine motor tests regardless of age group (Agnew, Bolla-
Wilson, Kawas, & Bleeker, 1988; Brito & Santos-Morales, 2002; Mathiowetz et al., 1986; Yeudall, 
Fromm, Reddon, & Stefanyk, 1986).  One explanation is that women may outperform men on fine 
motor tasks due to their finger size.  Individuals with a smaller finger size were able to outperform those 
with large fingers on fine motor coordination tests (Peters, Servos, & Day, 1990). 
Occupational therapy is a unique client-centered field that treats individuals holistically.  Therefore, the 
use of tools, such as music, as a preparatory method may improve or enhance motor performance.  Even 
though the findings of this study do not provide a template for the use of music as a preparatory method, 
it may provide guidance for future research in this area through its limitations. 
Limitations 
General limitations of the study include the moderate sample size.  The study included only 
short, one-time sessions to encourage participation.  In addition, no conclusions can be drawn from the 
results of performance based on varying moods, as the moods between groups did not differ.  Another 
limitation could be the amount of time the music was played.  In previous studies, such as the one 
conducted by Ilie and Thompson (2011), participants were exposed to the music for a longer time, an 
average of 7 min, in comparison to the 2 min of exposure in this study.  Future studies should explore 
longer exposure to music to see if exposure time plays a role.   
In addition, it was noted that each participant had a different reaction to the music and 
task.  Some of the participants did not like the classical music, while others enjoyed it. Therefore, future 
studies could consider client-centered music preference when analyzing the potential effect of music on 
motor performance.  For example, if a certain level of arousal does lead to better focus on a physical 
task, the manipulation of arousal in mood could provide great support to increase performance in sports 
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 as well as other motor learning.  In addition, a few of the participants commented on the difficulty of the 
task due to hand sweat from the heat of the testing room while other participants had difficulty pinching 
or placing the pegs due to long nails or large fingers.  Even though having long nails was part of our 
exclusion criteria, some of the participants with short nails perceived their nails were too long for the 
requested task.   
The nature of the dexterity activity, which required focus on speed, may have also contributed to 
the results.  For example, a study by Gonzalez, Smith, Stockwell, and Horton (2003) found that their 
Mozart high arousal group and their playing active games group performed equally better on a spatial 
reasoning test than the control group.  Lastly, the sample size was sufficient to investigate our stated 
purposes.  However, there is a chance for type II error with our sample size limiting statistical power.  A 
large replication study would be necessary to add support to our findings. 
Conclusion 
In summary, the findings from this study imply that a certain type of music, such as an up-tempo 
and down-tempo Mozart sonata, does not impact motor performance; however, gender plays a 
significant role in performance, as women improved significantly more than men, regardless of 
condition.  The evidence has shown that music is a tool that should be explored further for use in 
practice as a preparatory method; however, we suggest that future research should consider client-
centered music preferences when analyzing the potential effect of music on motor performance.  The 
application of this to occupational therapy practice, using the correct conditions, has the potential to 
greatly benefit clients’ motor learning and performance in the clinical setting.  Future studies of a larger 
sample and client-centered music preferences are needed to explore the true effect of music on 
performance to help patients reach goals more effectively.   
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